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INTRODUCTION

Schiff bases were belongs to specialized class of chelating
ligands with variety of donor atoms exhibiting interesting
coordination sites towards a number of various metal ions in
different oxidation states [1]. Due to various biological appli-
cations, the transition metal Schiff base complexes were exten-
sively studied. For designing a polydentate Schiff base ligand
with the combination of different metal ions along with pseudo-
halide ion has unlocked an imaginative research sector to
synthesizing metal complexes of specific choice.

Among organic reagents used in modern coordination
chemistry, Schiff bases have been increasingly developed in
their different aspects and used as chelating agents [2]. To
some extent, due to the schematic manner in which they were
prepared in high yield using one step procedure via conden-
sation of aldehydes, ketones and amines, containing CH=N
(azomethine) group [3]. Among these, the Schiff bases derived
from aromatic aldehyde like salicyaldehyde and aryl amines
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has strong coordination ability and diverse coordination mode,
because they contain oxygen and nitrogen coordination sites
[4-7]. During last few decades the nitrozen, oxygen and sulpur
donor atoms containing metal complexes of Schiff base ligands
an interesting topic for many researchers [8]. In the coordina-
tion chemistry, the chelating ligands viz., Schiff base ligands
containing N and O-coordinated atoms have huge importance
in biological processes including biomedical [9] and bio-
mimetic zones.

Currently, first row transition metal Schiff-base complexes
have received increasing attention owing to their exceptional
charactertistics behaviour and versatile structure [10]. The metal
ions like Cu, Ni, Co and Zn form complexes with nitrogen
and oxygen substituted Schiff base ligands, due to which they
strengthen their binding and cleavage activities [11,12]. Among
transition metal ions, Ni, Fe and Cu play important role in the
production of medical devices, jewellery and as a catalyst in
organic synthesis. There always exist the possibilities of environ-
mental hazardous situation if the metal has not completely



recovered and released in surroundings. Such conditions
possess a remarkable threat to plants and animals including
human beings. As a results metals increases pronounced health
concerns due to the ability to perturb various cellular systems
even when exists in trace amounts. Therefore, it is preferable to
develop simple yet effective methods to detect residual metal
contaminations [13]. Copper complexes of Schiff base ligand
having extensive interest for many researchers due to their
structural features. They also show fluorescence properties as
well as used for the synthesis of biological compounds [14].
DNA plays an important role in life process since it contains
all the genetic information for the cellular function. Oxygen
and nitrogen donor ligands have been widely studied due to
their high potential to coordinate with transition metal ions
[15].

According to the versatile scope of Schiff base salicy-
aldehyde derivatives capable of chelating, a high class of transi-
tion metal ions Cr(III), Co(II), Zn(II), Cd(II), results, tetraden-
tate metal complexes containing OONN donor atoms, often
possess wide range of magnetic, photophysical and electro-
chemical properties [16] and distinctive fluoroscence, photo-
luminescent properties [17], thus enhancing binding ability
[18], antitumoral [19], catalytic activities [20], antibacterial
[21-24], antifungal [25-27] and antiviral activities [28-30].
Schiff base transition metal complexes of Cu(II), Zn(II), Cd(II),
Pt(II) [31,32] ions have fluorescent, optical properties and
sensing applications [33,34] and have anticancer activities on
MDA-MB-231 breast cancer were investigated [35]. Cobalt
complex of a Schiff base has excellent light resistance and
storage ability [36], which were used as supramolecular moieties
in many bioinorganic processes.

In continuation, the current research focused that we have
been interested to design and synthesize a novel Schiff base
ligand [2,2′-((1Z,1′Z)-((4-methyl-1,2-phenylene)bis(azany-
lidene))bis(methanylylidene))diphenol] and derived metal
complexes with Cr(III), Co(II), Zn(II), Cd(II) ions. The struc-
ture of synthesized ligand and the corresponding metal comp-
lexes were confirmed by using IR, NMR, UV-VIS and mass
spectral analysis in addition with magnetic moment. Finally,
the biological activity of ligand and its metal complexes was
also screened against bacteria and fungi.

EXPERIMENTAL

All the chemicals and solvents used in the present work
of high purity, A.R. grades and used as received without further
purification. The solvents methanol, ethanol, diethyl ether, DMF,
and DMSO were purchased from Sigma-Aldrich. Salicyal-
dehyde and metal salts [Cr(CH3COO)3, Co(CH3COO)2·4H2O,
Zn(CH3COO)2·2H2O, Cd(CH3COO)2·2H2O] were purchased
from BDH, India. 3,4-Diaminotoluene purchased from TCI
chemicals, India. Silica gel F254 TLC plates (20 cm × 20 cm)
were purchased from E. Merck (India). Elemental analysis
were performed using a Perkin-Elmer CHN 2400 elemental
analyzer.The UV-visible spectra were recorded by Perkin-Elmer
LAMBDA 25 spectrophotometer. Infrared spectra were recorded
on a Thermo-fisher Nicolet iS5 FTIR spectrometer. 1H NMR
and 13C NMR spectra were recorded using a Bruker AVANCE
III 500 MHz NMR (AV 500) spectrometer in DMSO-d6 solvent.

Mass spectra of the ligand and complexes were recorded on a
AB SCIEX Triple TOF 5600+ LCMS-MS spectrometer. The
molar conductance measurements were carried out in DMSO
[10-3 M] at room temperature using Hanna 8733 conductivity
meter. The magnetic moment measurement of metal complexes
were carried out by Gouy method using Hg[Co(SCN)4] as cali-
brant at room temperature.

Synthesis of ligand (L) 2,2′′′′′-((1Z,1′′′′′Z)-((4-methyl-1,2-
phenylene)bis(azanylidene))bis (methanylylidene))diphenol:
An ethanolic solution (25 mL) of salicyaldehyde (0.030 mol,
3.30 g) was added dropwise, over a stirred solution of 3,4-
diaminotoluene (0.015 mol, 1.85 g) in warm ethanol (25 mL).
The reaction mixture were refluxed with stirring on oil bath at
70-80 ºC for 2-3 h. A yellow solid were appeared.The product
was filtered off, washed with ethanol, diethyl ether and dried.
The crude product were purified by recrystallization from DMF
(Scheme-I). Yield: 78.91 % (2.92 g), m.p.: 130 ºC. Anal. calcd.
(found) % for C21H18N2O2: C, 76.34 (76.24); H, 5.49 (5.46); N,
8.48 (8.40); O, 9.69 (9.65). FT-IR (KBr, νmax, cm–1): 3442 (O-
H) 3052 (C-H aromatic), 1617 (CH=N), 1278 (C-O phenolic).
1H NMR (500 MHz, DMSO-d6, ppm): δ 2.31 (m, CH3), 7.35
(dt, CH arom.), 8.45-8.56 (m, HC=N), 13.08-13.14 (s, OH).
13C NMR (100.622 MHz, DMSO-d6): δC 21.2, 117.54, 119.31,
120.42, 128.31, 132.25, 137.88, 139.93, 161.36, 162.88,
163.62. Mass spectrum (LC/MS, ESI): m/z 330, Found: 331
[M+1]+, 332 [M+2]+.
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Scheme-I: Synthesis of Schiff base ligand (L)

Synthesis of metal complexes

Synthesis of [CrL(H2O)(OAc)]: Chromium acetate
(0.180 g, 0.00078 mol) was dissolved in 20 mL DMF. The
obtained solution was added dropwise to a magnetically stirred
solution of Schiff base ligand L (0.510 g, 0.0015 mol) in DMF
(20 mL) in 1:1 molar ratio (M:L). The resultant mixture was
refluxed and stirred on an oil bath for 3 h. The clear solution
was cooled at room temprature and then poured into ice cold
water. Finally the yellow coloured solid was separated which
was isolated by filteration and washed with diethyl ether. The
resulting solid product was recrystallized in DMF/DMSO and
dried over CaCl2 in vacuum. Yield: 0.425 g (61.59 %). m.p.:
270 ºC. Anal. calcd. (found) % for C25H22N2O6Cr: C, 60.00
(60.22); H, 4.83 (4.74); N, 5.60 (5.45); Cr, 10.39 (10.29). FTIR
(KBr, νmax, cm-1): 3447 (free –OH group), 3052 (C-H aromatic),
1616 (CH=N), 1277 (C-O, phenolic), 587 (Cr-O), 503 (Cr-N).
1H NMR (500 MHz, DMSO-d6, ppm): δ 2.55 (d, CH3), 7.44-
7.56 (d, CH arom.), 8.04 (s, HC=N), 13.21 (free –OH group).
13C NMR (100.622 MHz. DMSO-d6): δC 31.18, 117.63, 119.53,
126.59, 132.01, 158.43. Mass (LC/MS, ESI): m/z 498.45, Found:
500 [M+2]+.
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Synthesis of [CoL(OAc)·H2O]: Cobalt acetate (0.140 g,
0.00056 mol) was dissolved in 15 mL DMF. The obtained
solution was added dropwise to a magnetically stirred solution
of Schiff base ligand L (0.340 g, 0.0010 mol) in DMF (15 mL)
in 1:1 molar ratio (M:L). The resultant mixture was refluxed
and stirred on an oil bath for 3 h. The clear solution was cooled
at room temprature and then poured into ice cold water. Finally,
a brown coloured solid was separated, isolated and washed
with diethyl ether. The resulting solid product was recrystal-
lized in DMF/DMSO (20 mL) and dried over CaCl2 in vacuum.
Yield: 0.310 g (64.58 %). m.p.: 260 °C. Anal. calcd. (found)
% for C23H21N2O5Co: C, 59.49 (59.29); H, 4.56 (4.60); N, 6.03
(6.23); Co, 12.69 (12.46). FTIR (KBr, νmax, cm–1): 3447 (free-
OH), 1617 (CH=N), 1277 (C-O, phenolic), 559 (Co-O), 505
(Co-N). Mass (LC/MS, ESI): m/z 464.36, Found: 465.06 [M+1]+.

Synthesis of [ZnL]: Zinc acetate (0.120 g, 0.00054 mol)
was dissolved in 15 mL DMF. Then the obtained solution was
added dropwise to a magnetically stirred solution of ligand
(L) (0.340 g, 0.0010 mol) in DMF (15 mL) in 1:1 molar ratio
(M:L). The resultant mixture was refluxed and stirred on an
oil bath for 3 h. The clear solution was cooled at room temprature
and then poured into ice-cold water. Finally, a light yellow
coloured solid was separated and isolated by filteration and
washed with diethyl ether. The resulting solid product was
recrystallized in DMF/DMSO (20 mL) and dried over CaCl2

in vacuum. Yield: 0.350 g (76 %). m.p.: > 310 ºC. Anal. calcd.
(found) % for C21H16N2O2Zn: C, 64.06 (63.92); H, 4.10 (4.32);
N, 7.11 (6.98); Zn, 16.60 (16.20). FTIR (KBr, νmax, cm–1): 3010
(C-H, arom.), 1618 (CH=N), 1248 (C-O, phenolic), 564 (Zn-O),
542 (Zn-N). 1H NMR (500 MHz, DMSO-d6, ppm): δ 2.45 (m,
CH3), 7.13-7.78 (m, C-H arom.), 8.99 (d, HC=N). 13C NMR
(DMSO-d6, 100.622 MHz): δC 21.51, 116.58, 117.12, 119.96,
123.50, 128.49, 134.63, 136.58, 137.46, 139.55, 162.35,
163.01; Mass (LC/MS, ESI): m/z 392.05.

Synthesis of [CdL]: Cadmium acetate (0.140 g, 0.00052
mol) was dissolved in 15 mL DMF and then, obtained solution
was added dropwise to a magnetically stirred solution of ligand
(0.340 g, 0.0010 mol) in DMF (15 mL) in 1:1 molar ratio
(M:L). The resultant solution was refluxed and stirred on an
oil bath for 3 h. The clear solution was cooled at room temp-
erature and then poured into ice cold water. Finally, a dark
yellow coloured solid was separated which was isolated by
filteration and washed with diethyl ether. The resulting solid
product was recrystallized in DMF/DMSO (20 mL) and dried
over CaCl2 in vacuum. Yield: 0.280 g (58.33 %). m.p.: 190 ºC.
Anal. calcd. (found) % for C24H22N2O4Cd: C, 57.22 (57.12);
H, 3.66 (3.72); N, 6.36 (6.30); Cd, 25.50 (24.69). FTIR (KBr,
νmax, cm–1): 3078 (C-H arom.), 1637 (CH=N), 1274 (C-O,
phenolic), 598 (Cd-O), 545 (Cd-N). 1H NMR (500 MHz,
DMSO-d6, ppm): δ 2.35 (m, CH3). 13C NMR (DMSO-d6, 100.62
MHz): δC 21.15, 117.37, 119.50, 119.77, 119.97, 128.78,
132.87, 133.85, 138.04, 142.68, 160.86, 163.64, 164.34. Mass
(LC/MS, ESI): m/z 442.02.

in vitro Antibacterial and antifungal activity: The newly
synthesized ligands and its metal complexes were evaluated
for their in vitro antibacterial activity against S. typhimurim
and E. coli, S. aureus and B. subtilis and antifungal activity
against A. fumigatus and A. flavus by the agar-gel diffusion
method at the concentration of 500 and 100 µg mL-1 of each

chemical compound. The bacteria were inocculated into Nutrient
Broth (Difco) and incubated for 30 h and the fungi studied
incubated in Malt Extract Broth (Difco) for 54 h. The dilution
plate method was used to enumerate microorganism (105 bacteria
per mL and 103-104 fungi per mL) for 24 h. By using a sterilize
cork borer (6 mm diameter), wells were dug in the culture
plates. All newly compounds dissolved in DMSO were added
(0.2 µL) to these wells. The Petri dishes were left at 4 ºC for 2 h
and then the plates were incubated at 30 ºC for bacteria (24 h)
and 25 ºC for fungi (72 h). At the end of period, inhibition
zones formed on the medium were evaluated as millimeters
(mm) diameter. Biological activity data of all the compounds
were expressed as percent inhibition over control calculated
from the size of inhibition zone. The percent inhibition was
calculated using the formula:

C T
Inhibition (%) 100

C

−= ×

where C is the diameter of the microbial colony in the control
plate and T is the diameter of the microbial colony in the tested
plate after same incubation period.

RESULTS AND DISCUSSION

A novel tetradentate ligand (L) was synthesized by the
condensation of salicyaldehyde and 3,4-diamino toluene under
reflux at 70 ºC with molar ratio (2:1). The synthesized ligand
was further used for the synthesis of Cr(III), Co(II), Zn(II),
Cd(II) complexes (Scheme-II). The synthesized ligand and
its metal complexes were characterized by FTIR, mass, 1H &
13C NMR, elemental analysis were found to be stable at room
temperature. The ligand was soluble in methanol, ethanol,
DMF and DMSO, whereas metal complexes were soluble in
DMF/DMSO. The physical properties of ligand and its metal
complexes are listed in Table-1.
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IR spectra: The FTIR spectra of Schiff base ligand exhi-
bited sharp peak at 1617 cm–1 assigned to ν(CH=N) azomethine
group [37,38]. The appearance of sharp broad peak at 3442
cm–1, is characteristic of free phenolic OH group. Another strong
vibration band appears at 1278 cm–1, assigned to phenolic C-O
stretching group. These bands indicates the formation of Schiff
base ligand. The azomethine ν(CH=N) band for metal comp-
lexes were 1616, 1617, 1618, 1637 cm–1 for Cr(III), Co(II), Zn(II),
Cd(II), respectively, shows blue shift to higher frequency by
2-20 cm–1 except Cr(III) complexes, which shows red shift as
compared to the ligand. The phenolic C-O stretching band
shifted to lower frequency at 1277, 1259, 1248, 1274 cm–1 for
Cr(III), Co(II), Zn(II), Cd(II) complexes, respectively as com-
pared to ligand. These results shows that phenolic oxygen and
nitrogen of ν(CH=N) azomethine group was coordinated to
the metal ion in the metal complexes [23-25]. The new addi-
tional vibrational band appeared in the range 559-518 and 545-
503 cm–1 was assigned to ν(M-O) and ν(M-N), respectively
(Table-2) [1,25]. The spectra of Cr(III) and Co(II) complexes
show bands at 3447 and 3447 cm–1, assigned to coordinated
water molecules associated with the complexes [21].

UV spectra: The absorption spectra of ligand showed two
sharp peak at 270 and 335 nm, attributed to π-π* and n-π*

transitions, respectively, which are assigned to aromatic ring
and imino (C=N) group, respectively [39]. The UV-visible spectra
of Cr(III) complex exhibit three absorption peaks at 266, 323
and 336 nm, which attributed to 4A2g→4T1g(P), 4A2g→4T1g(F)
and 4A2g→4T2g(F), transitions, respectively which corresponds
to octahedral geometry. The magnetic moment was found to be
3.85 B.M. due to three unpaired electrons (Table-3). The elec-
tronic spectrum of Co(II) complex showed four absorption
peaks at 267, 312, 373 and 454 nm assigned to π-π*, n-π*,
MLCT and 4T1g(F)→4T1g(P) transition, respectively, which is
compatible to octahedral geometry. The magnetic moment was
found to be 4.86 B.M.

Zinc(II) complex exhibit two absorption peaks at 295 and
399 nm, respectively, which is assigned to π-π*, MLCT transition,
respectively, suggesting a tetrahedral geometry. Similarly,
cadmium(II) complex exhibited three absorption peaks at 295,
322 and 336 nm, respectively, which is assigned to π-π*, n-π*
and MLCT transitions, respectively and consistent with
tetrahedral geometry of Zn(II) and Cd(II) complexes [39-41].

NMR spectra: The 1H NMR spectra of the ligand were
recorded in DMSO-d6 solvent using TMS as standard. The
signals at δ 8.45-8.56 (m) were consistent with azomethine
protons. Two sharp peaks at δ 13.08 and δ 13.14 (s) were assi-

TABLE-1 
PHYSICAL CHARACTERSTICS AND ANALYTICAL DATA FOR LIGAND AND ITS METAL COMPLEXES 

Elemental analysis (%) Calcd. (found) 
Compound (m.f.) Colour m.w. 

Yield 
(%) 

m.p. 
(°C) C H N M 

L (C21H18N2O2) Yellow 330.38 78.91 130 (76.24) 76.34 (5.46) 5.49 (8.40) 8.48 – 
[CrL(OH2)(OAc)] (C25H22CrN2O6) Yellow 498.45 61.59 270 (60.22) 60.00 (4.74) 4.83 (5.45) 5.60 (10.29) 10.39 
[CoL(OAc)H2O] (C23H21CoN2O5) Brown  464.08 64.58 280 (59.29) 59.49 (4.60) 4.56 (6.23) 6.03 (12.46) 12.69 
[ZnL] (C21H16N2O2Zn) Light yellow 392.05 76.00 >310* (61.52) 64.06 (4.70) 4.10 (5.96) 7.11 (13.68) 16.60 
[CdL] (C21H16CdN2O2) Dark yellow  442.02 58.33 190 (57.12) 57.22 (3.72) 3.66 (6.30) 6.36 (24.69) 25.50 

 

TABLE-3 
CHARACTERISTIC UV SPECTRAL BANDS (cm–1) OF THE LIGAND AND ITS METAL COMPLEXES 

Compound  Wavelength (nm) Wavenumber (cm–1) Assignments µeff (BM) 

L 
270 
335  

37,037 
29,850 

π–π* 
n–π* 

– 

[CrL(OH2)(OAc)] 
266 
323 
336 

37,593 
30,959 
29,761 

4A2g→4T1g(P) 
4A2g→4T1g(F) 
4A2g→4T2g(F) 

3.85 

[CoL(OAc)H2O] 

267 
312 
373 
452 

37,453 
32,051 
26,809 
22,123 

π–π* 
n–π* 

CT–(M→L) 
4T1g(F) →4T1g(P) 

4.86 

[ZnL] 
295 
399 

33,898 
25,062 

π–π* 
CT spectra (L→M) 

Diamagnetic 

[CdL] 
295 
322 
336 

33,898 
31,055 
29,761 

π–π* 
n–π* 

CT-spectra 
Diamagnetic 

 

TABLE-2 
CHARACTERISTIC IR SPECTRAL BANDS (cm–1) OF THE LIGAND AND ITS METAL COMPLEXES 

Compound  ν(O-H) 
phenolic 

ν(C-H) 
aliphatic 

ν(C-H) 
aromatic 

ν(C=N) 
ν(C-O) 

phenolic 
ν(M-O) ν(M-N) 

L 3442 2918 3052 1617 1278 – – 
[CrL(OH2)(OAc)] 3447 2921 3052 1616 1277 587 503 
[CoL(OAc)H2O] 3447 2924 – 1617 1259 559 505 

[ZnL] – 2910 3010 1618 1248 564 542 
[CdL] – 2913 3078 1637 1274 598 545 
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gned to the phenolic -OH protons [42,43]. Zn(II) and Cd(II)
complex exhibits signals at 8.99(d), 8.87(m), respectively,
which is assigned to HC=N (azomethine) protons. Signals in
the region δ 7.13-7.78 (m) and δ 7.03-7.64 (m) is due to aromatic
protons for Zn(II) and Cd(II) complexes, respectively. The
proton decoupled 13C NMR spectra of the ligand showed signal
at 21.12 ppm, 132.25-139.93 ppm, 161.36-163.62 ppm due
to –CH3 carbon, aromatic ring of Schiff base and characteristic
azomethine carbon atom, respectively. Zn(II) and Cd(II) comp-
lexes exhibit signals at 21.51 and 21.15 ppm, respectively due
to –CH3 carbon atoms. The azomethine carbon peak observed
at 162.35-163.01 ppm and 160.86-164.34 ppm, respectively.

Mass spectra: The mass spectra of a free ligand and its
metal complexes suggest the proposed structure of the moiety.
The molecular ion peak of a ligand observed at m/z 331. For
Cr(III), Co(II), Zn(II), Cd(II) complexes, the molecular ion
peak observed at m/z 498.45, 464.36, 392.05, 442.02, respec-
tively. All these results agree the proposed formulae of the
ligand and its metal complexes.

Molar conductance: The metal(II)/(III) complexes were
dissoved in DMSO and molar conductivity of 10-3 M solutions
measured at room temperature. The molar conductance values
of all the complexes lies in the range 15-30 ohm-1 cm2 mol-1

corresponding to non-electrolytic behaviour [44].
Biological activity:Antimicrobial activity of a novel Schiff

base ligand (L) [2,2′-((1Z,1′Z)-((4-methyl-1,2-phenylene)bis-
(azanylidene))bis(methanylylidene))diphenol] and its corres-
ponding metal complexes of Cr(III), Co(II), Zn(II), Cd(II), were
executed in vitro against selected targeted bacteria (S. aureus
and B. subtilis) as Gram-positive bacteria and (S. typhimurium
and E. coli) as Gram-negative bacteria. All the metal complexes
exhibit higher antibacterial activity than the free ligand. Co(II)
complexes have higher bacterial activity than other complexes [45].

Conclusion

In the present study, a series of four novel mononuclear
Schiff base metal complexes of Schiff base ligand was synthe-
sized and characterized by IR, mass, 1H & 13C NMR, UV-visible
and elemental analysis. Spectral studies showed that all the
synthesized metal complexes possess tetrahedral geometry
except for Cr(III) & Co(II) metal ion, which possess octahedral
geometry. The binding site of synthesized Schiff base ligand
with the metal ion was OONN in a tetradentate manner. Accor-
ding to magnetic studies, Cr(III) and Co(II) metal ion showed
a paramagnetic behaviour while Zn(II) and Cd(II) ions were
diamagnetic in nature. The antimicrobial test showed that all
the synthesized metal complexes exhibited more biological
activity as compared to Schiff base ligand.
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